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Introduction

26
Peatlands are one of the most important global terrestrial carbon (C) stores due to the 27 accumulation of organic material over time in these ecosystems. An estimated 446 Gt C is stored 28 across a global peatland area of 3 813 553 km 2 (Joosten, 2009 ) and the United Kingdom (UK) is 29 estimated to store 1.745 Gt C in peat soils (Joosten, 2009 ).The UK holds 14.8% of Europe's soils with 30 an organic C content of greater than 25% (Montanarella et al., 2006) . In the UK, blanket bogs 31 represent the largest proportion of the peatland area, an estimated 85-92% (Clark et al., 2010b ; 32 Lindsay, 1995) and are typically found in upland environments, where cooler temperatures and high 33 levels of rainfall favour formation of peat soils. of total aquatic C losses (Dinsmore et al., 2013 ). An increase in DOC concentrations has been 39 observed for many UK upland streams in recent decades: a 65% increase in DOC concentration was 40 observed over a 12 year period (Freeman et al., 2001a) , whilst Worrall et al. (2004) , stated there was 41 a 77% increase in DOC across 198 catchments over a period of between 8-42 years. It is therefore 42 important to develop as thorough an understanding as possible of the processes that drive the 43 production and transport of peatland DOC. 44
The processes driving DOC export from peatlands are numerous, with multiple biotic and 45 abiotic controls affecting DOC concentrations and the flux of DOC from peatland catchments. 46 Freeman et al. (2001b) and Fenner and Freeman (2011) argued that water table drawdown in 47 peatlands would provide aerobic conditions to allow phenol oxidase to reduce the concentration of 48 phenolic compounds, thus leading to greater hydrolase enzyme activity and ultimately higher levels 49 of DOC production that would continue even in anaerobic conditions, i.e. once water tables have 50 3 risen. Alternatively, water table drawdown may cause oxidation of sulphur to sulphate which in turn 51 acts to suppress the solubility of DOC (Clark et al., 2005; Daniels et al., 2008) . Increased SO 4 2-content 52 in catchments with a high density of gullying has resulted in lower concentrations of DOC compared 53 to catchments with a low density of gullying (Daniels et al., 2008) . Declining atmospheric deposition 54 of sulphate has been linked to increased solubility of DOC in peatlands (Monteith et lower DOC export despite increasing temperatures (Pastor et al., 2003) . 60
Land management can also affect DOC production and transport. Dissolved organic carbon 61 export was shown to be significant from urban and grazed land on mineral and organo-mineral soils, 62
but not arable land (Worrall et al., 2012) , while moorland burning has been suggested to affect DOC 63 concentration (Yallop and Clutterbuck, 2009 ) and composition (Clutterbuck and Yallop, 2010) but 64 may only be evident over short timescales (Clay et al., 2009 ) and may not be apparent over long 65 time periods if the degree of burning has not changed over time . Peat 66 drainage has also been shown to influence the production and export of DOC, with enhanced 67 drainage increasing DOC production and therefore DOC concentration through increased 68 decomposition of peat in the greater aerobic zone; therefore drain blocking has the effect of 69 reducing aerobic decomposition of peat and production of DOC, thus lowering DOC concentration 70 (Höll et while DOC concentrations can increase post blocking due to accumulation of dissolved organic 73 matter at depth (Glatzel et al., 2003) . 74 7 The top-slope, mid-slope and bottom-slope ostensibly had four individual hillslope positions ( Figure  148 2), supported by altitudinal and slope angle variation (Table 2) , whereby change in elevation was 149 more rapid between slope positions 4 -7 which also had slope angles more than 5°. Slope position 150 9, on the bottom-slope, was located in a small depression and consequently had a larger slope angle 151 of 6.4° compared to other bottom-slope positions. The number of study plots per slope position was 152 decreased to three per slope position in Experiment 2. Two stream points were used to collect 153 samples for water quality analysis; one from a stream draining the catchment and another directly 154 draining the bank of peat adjacent to slope position 11. Vegetation surveys were conducted for each 155 plot in November 2012 to determine the percentage cover of Eriophorum spp. classed as dominant 156 vegetation to be used as a covariate in statistical analysis. 157
Study plots across both study years were comprised of a 1 metre uPVC dipwell and a surface 158 runoff trap. For the dipwells, holes were drilled into the tube every 10 cm to allow the inflow of 159 water from surrounding peat and the water level in the dipwell to equilibrate with the surrounding 160 peat, thus allowing an accurate measurement of WTD. Dipwells were open-ended and used to 161 collect soil pore water. Runoff traps were closed with bungs at both ends to prevent inflow of soil 162 pore water and precipitation. Holes were drilled in the runoff traps and the traps inserted into the 163 ground until the holes sat flush with the ground surface to allow the inflow of water from across the 164 ground surface. 165
During Experiment 2, additional 10 cm depth water traps were installed in March 2012. 166
These traps were designed to assess mixing between water sources and changes in flowpath and the 167 change in water chemistry and DOC concentration that can occur with depth (Adamson et al., 2001 ; 168 Clark et al., 2008) . Two 10 cm depth traps were installed at each slope position, in between plots 1 -169 2 and plots 2 -3. The 10 cm depth traps were composed of uPVC runoff traps with holes drilled so 170 that when installed the holes were 10 cm below the peat surface. Just as for the surface runoff traps, 171 bungs were inserted at both ends to prevent mixing with soil pore water from other depths in the 172 8 peat profile other than 10 cm, or mixing with precipitation. Samples were gathered from these 10 173 cm depth samplers for five months between April -August 2012. 174
All study plots were left for a minimum of one month following installation to allow 175 dissipation of installation effects prior to regular monitoring. 176 177
Analyses
178
Water table depth was measured by conductivity probe with values corrected each month 179 (to allow for shrink/ swell of the peat soil) for the height of the dipwell that remained above the 180 surface. Water samples were collected from dipwells, surface runoff water traps, and, when 181 installed, the 10 cm depth traps; traps, but not dipwells, were emptied each month. 182
Prior to analysis, water samples were filtered at ≤ 0.45 µm to remove particulate matter 183 using cellulose-acetate syringe-filters (VWR International). Electrode methods were used to analyse 184 pH (HI-9025, Hanna Instruments) and electrical conductivity (HI-9033). UV-visible absorbance was 185 measured at 400, 465 and 665 nm using a Jenway 6505 UV/Vis. Measurements made at 400 nm 186 (Abs 400 ) were used to derive a basic colour reading for water samples, whilst measurements at 465 187 and 665 nm determined the E4:E6 ratio. More mature humic acids are indicated by lower E4:E6 188 ratios, with high ratios indicative of fulvic acids (Thurman, 1985) . Specific absorbance was 189 established by dividing Abs 400 by DOC concentration. 190 DOC was determined using a colourimetric method (Bartlett and Ross, 1988 was used to determine the normality of each dataset; if there was a non-normal distribution, the 236 data was log transformed. The lowest Anderson-Darling statistic was used as the selection criteria 237 for the inclusion of covariates. Levene's test was performed to test the assumption of homogeneity 238 of variances on both untransformed and log transformed data. Results were also checked using the 239 non-parametric Kruskal-Wallis test to confirm ANOVA results for slope position if the above tests 240 failed. Results for all analyses using the Kruskal-Wallis test were the same as those using ANOVA, 241 confirming the ANOVA results for slope position. 242
LiDAR terrain parameters
Analysis of variance was undertaken using a General Linear Modelling approach. In 243 Experiment 1, four factors were considered -study site, month of sampling, slope position and sub-244 slope position. The study site factor had two levels (Featherbed Moss and Alport Low) and is 245 11 henceforward referred to as the site factor. The seasonal cycle had 12 levels, one representing each 246 calendar month, and henceforward referred to as the month factor. Slope position had four factor 247 levels (top-slope, upper mid-slope, lower mid-slope and bottom-slope). Sub-slope position was taken 248 as a nested factor within the slope position factor and had six levels. The factorial design allowed 249 testing of significant differences for site, slope, sub-slope, month and interaction effects between 250
factors. This approach meant that the impact of slope position could be tested having accounted for 251 the influence of other factors in the model. In particular, note that slope position was replicated 252 because two sites were included in the analysis. 253
Within Experiment 1, soil pore water and runoff water DOC were analysed separately using 254 the factors described above and then in a separate analysis the soil pore water and runoff water 255
were considered together in a combined analysis with an additional factor -water type -included to 256 assess whether the relationship between slope position and DOC changed with water type. 257
Experiment 2 incorporated slope (12 factor levels), month and interactions in the ANOVA 258
model. 259
Each analysis of variance was followed by ANCOVA analysis, whereby covariates (percentage 260
Eriophorum spp., WTD, air temperature, pH, conductivity, E4:E6, Cl -, SO 4 2-, NO 3 -and terrain 261 parameters excluding aspect) were included in the model so as to explain any effects that were 262 attributed to the factors used in ANOVA, including slope position. 263
Tukey's post hoc pairwise comparisons were used to identify the locations of the significant 264 differences identified between factor levels. The proportion of variation in the response variable 265 that is explained by a given factor, interaction or covariate was determined using the generalised 266 omega squared statistic -ω 2 (Olejnik and Algina, 2003) . Significance was, unless otherwise stated, at 267 the 95% probability of being different from zero. The size of any effect is discussed in main effects 268 plots using least squares means for factor levels. 269
Principal components analysis was performed on the Experiment 2 dataset. Water chemistry 270 variables included in the multivariate datasets were: pH; electrical conductivity; absorbance at 400 271 12 nm (Abs 400 ); E4:E6 ratio (absorbance 465 / 665 nm); specific absorbance (Abs 400 / DOC 272 concentration); DOC concentration; and SO 4 2-, Cl -, and NO 3 -concentration. The remaining anions of 273 PO 4 2-, F -and Br -were excluded from analysis due to their low concentrations, which were more 274 often than not below the limit of detection. Prior to analysis, all water chemistry variables were z 275 transformed to standardise each variable to allow comparison between variables with different 276 measurement units. The selection of principal components (PCs) used in analysis was based upon 277 the convention of using all PCs with an eigenvalue >1 and the first PC that has an eigenvalue <1 278 (Chatfield and Collins, 1980) . All statistical analysis was performed in Minitab (v14). 279 280
Results
281
Experiment 1 282
Soil pore water 283
The DOC concentration in soil pore water varied with hillslope position (Figure 3 ). Median 284 DOC concentration was >90 mg C l -1 for both the top-slope and upper mid-slope and decreased 285 further down-slope to 72.5 mg C l -1 on the bottom-slope. When ANOVA was considered then site, 286 slope, sub-slope, month and interactions between site and slope, site and month and slope and 287 month were all significant (Table 3) . Slope was the second most important (see ω 2 , Table 3) ) and the differences between the two study sites was 295 13 notable with the interaction between site and slope. Whereas DOC concentration decreased 296 between the top-slope and lower mid-slope on Featherbed Moss (Figure 4a) , it increased between 297 the top-slope and upper mid-slope on Alport Low and was still higher on the lower mid-slope than 298 the top-slope. Nonetheless, both study sites had a large decrease in DOC concentration between the 299 top-slope and bottom-slope. 300
The soil water DOC concentration was lower in the months between December and March 301 and for the month of May than between June and November. There appeared to be two distinct 302 on the bottom-slope. 308
When covariates were included in the analysis (ANCOVA), the amount of variance explained 309 by each factor was reduced and study site and sub-slope were no longer significant. The most 310 important covariate was WTD. The negative correlation between depth to the water table and soil 311 water DOC concentration accounted for the influence of study site and sub-slope. Post hoc 312 comparisons in the ANCOVA model show that the top-slope had a significantly greater DOC 313 concentration than all other hillslope positions (Table 3 ). The least squares mean main effects DOC 314 concentrations were 103.9, 82.5, 77.5 and 85.3 mg C l -1 for the top-slope, upper mid-slope, lower 315 mid-slope and bottom-slope respectively. The change in least squares mean values suggests that the 316 high DOC concentrations on the Alport Low upper mid-slope were caused by deeper water tables at 317 this site. Accounting for this, the upper mid-slope was no longer significantly different from the 318 lower mid-slope and bottom-slope. pH and conductivity were positively correlated, while NO 3 -was 319 negatively correlated to soil pore water DOC concentration. Despite the influence of the 320 hydrochemistry covariates and WTD upon DOC concentration, they did not account for the higher 321 14 DOC concentrations observed on the top-slope. As such, there was a significant effect of slope 322 position independent of covariates and all other factors and their possible 2-way interactions. 323 . The DOC concentrations were 328 generally lower in runoff water than soil pore water. Month was the only significant factor in the 329 ANOVA model (Table 3) ; no slope effect was found for runoff water DOC. July (114.8 mg C l ). In general, 331 runoff water DOC increased from winter lows to maxima in the summer. DOC concentrations in June 332
and July significantly higher than both winter and spring months, while DOC in September and 333
October was higher than winter months. The ANCOVA (Table 3) 
Water type 339
Soil pore water and runoff water were analysed together, to assess whether the relationship 340 between DOC concentration and water type changed between slope positions. The ANOVA model 341 (Table 4) 
). 372
Slope, month and a slope-month interaction were significant in the ANOVA model (Table 5) Water table depth, conductivity, NO 3 -and SO 4 2-were significant covariates (Table 5) ). Only the month factor was significant in the ANOVA model (Table 5) 
Principal components analysis
413
From a total of 650 data points, the first five principal components were used in PCA, 414 explaining a total of 87.6% variation in the dataset (Table 6 ). Principal component 1 had high positive 415 loadings for pH, conductivity and SO 4 2-, while negative loadings were dominated by Abs 400 , specific 416 absorbance and E4:E6: dissolved organic carbon concentration also had a strong negative loading. 417
Dissolved organic carbon had the strongest loading on PC2 and Abs 400 was correlated with it as well. 418
However, conductivity, Cl -and SO 4 2-also had positive loadings on PC2. -slopes where water table  499 drawdown lead to a build-up of DOC at depth. Furthermore, where 10 cm water plotted adjacent to 500 soil pore water, it had a higher specific absorbance than when it plotted with surface runoff, 501 indicating a greater influence of water colour and humic compounds in soil pore water. Wallage and 502
Holden (2010) also noted a change in the relationship between DOC and colour with depth. As such, 503
closer to the surface, DOC was composed of labile material with low absorbance. Consequently, the 504 lower DOC concentrations found in surface runoff were likely due to dilution of near surface water 505 from precipitation. In peatlands, DOC concentration could be expected to decrease with increased discharge 534 due to dilution by precipitation and mixing with surface runoff water (Clark et al., 2008; Stutter et 535 al., 2012) . The lower DOC concentrations observed in the stream may be consistent with this, yet 536 stream water retained the high Abs 400 and low pH of soil pore water and plotted along the soil pore 537 water trend in PCA. Indeed, given that mean Abs 400 was higher than soil pore water but DOC lower, 538 stream water had a higher specific absorbance. This was because sampling took place under low 539 flow conditions (the author's observation). The Abs 400 may have been diluted with increased inputs 540 from surface runoff water and near surface throughflow, and therefore a higher resolution sampling 541 strategy when assessing stream water chemistry would have provided important insights into the 542 change in water chemistry at high flow during rainfall events, as shown by Gazovic et al. (2013) . catchments and related it to topography and vegetation. It was found that slope angle was the most 549 important factor that influenced stream water DOC concentration, with a negative correlation 550 indicating that DOC concentration in streams was greatest in areas with low slope angles. It was 551 suggested that this was because gently sloping areas could accumulate more DOC due to lower 552 runoff rates and were more favourable to peat formation than steeper slopes, providing more peat 553 that can be decomposed to produce DOC that is transported to streams. This paper has found that 554 steeper slopes have higher DOC concentrations because of very low water tables allowing both a 555 greater aerobic zone for oxidative decomposition of peat producing DOC and the accumulation of 556 humic compounds with a long residence time. Nonetheless, the interpretation that the bottom-557 slope contributes more to DOC flux to streams is consistent with the findings of Parry et al. (2015) 558 given that the flushing of DOC from the bottom-slope to the stream will increase the amount of DOC 559 in the stream. Furthermore, it is possible that the alongside the removal of DOC to the stream, if 560 phenolic compounds that inhibit peat decomposition (Freeman et al., 2001b) are also exported to 561 the stream, it could enhance anaerobic production of peat and increase DOC production, providing 562 further DOC that is exported to the stream. A further consideration is the effect that hillslope 563 position has on C budgets. Dissolved organic carbon flux is a major component of peatland C budgets 564 and can affect the size of a C sink or convert catchments into sources of C for some years (Koehler et 
Conclusions
570
Hillslope position was a significant factor controlling soil pore water DOC concentrations 571 across two hillslopes and two study years, but not for surface runoff water DOC concentrations. 572
There was a large decrease in DOC down-slope. Water table drawdown increased DOC  573 concentration, due to enhanced DOC production and increased residence time leading to the build-574 up of humic-rich DOC compounds, particularly on the steeper, eroded slopes. Decreasing soil pore 575 water DOC down-slope and the much lower concentrations of DOC in runoff suggested dilution of 576 DOC as water moves down-slope, caused by rising water tables towards the surface and flushing by 577 lateral throughflow of water. 578
Water sampled at 10 cm depth was shown to be intermediate in composition between soil 579 pore water and surface runoff water, characterised by higher SO 4 2-concentrations, conductivity and 580 pH than soil pore water but also much higher DOC concentrations than found in surface runoff 581
water. As such, surface runoff water originated from near surface layers but DOC was diluted 582 relative to 10 cm water. As water transferred to the stream, DOC concentrations were reduced 583 relative to soil pore water, yet stream water retained the chemical signature of soil pore water 584 under low flow conditions and had higher colour content than soil pore water. 585
Dissolved organic carbon is an important component of peatland carbon budgets and can 586 affect whether catchments are sources or sinks of carbon. Hillslope position has been shown to 587 affect DOC concentrations and should be incorporated into carbon budget models to improve spatial 588 predictions. 589 590 
